Objective: We compared the relationships among sex, clustering strategy, and recall across different task demands using the 16word California Verbal Learning Test-Second Edition (CVLT-II) and the 9-word Philadelphia (repeatable) Verbal Learning Test (PrVLT).
T he brain's organizational methods during encoding and recall can influence how successfully we are able to recall words. Semantic clustering and serial clustering are the 2 main methods for organizing word recall on categorized word-list learning tests such as the California Verbal Learning Test-Second Edition (CVLT-II) (Delis and Fridlund, 2000; and the Philadelphia (repeatable) Verbal Learning Test (PrVLT) (Price et al, 2009 ). Semantic clustering is the tendency to recall words according to their category membership; serial clustering is the tendency to recall words in the same order as they were originally presented. Semantic clustering has been associated with better recall performance than serial clustering Donders, 2008; Paolo et al, 1997) .
Studies evaluating sex differences in memory tasks have found that women tend to perform better than men on most recall tests (Herlitz et al, 1997) . In general, sex differences are attributed to semantic clustering when the to-be-remembered information can be organized semantically, as is the case on most word-list learning tests, including the CVLT and PrVLT. In fact, the greater success of semantic than serial clustering may account for sex differences in verbal recall performance on semantically organizable lists. Many studies have shown that women recall more words than men on most word-list learning tests, including the CVLT-II, and that this is likely a function of their greater tendency to cluster words semantically during recall (Andreano and Cahill, 2009) .
Most studies that have examined the relationships among sex, clustering method, and recall performance have used 12-word to 16-word list tests such as the CVLT-II, the Hopkins Verbal Learning Test (Brandt and Benedict, 2001) , the Buschke Selective Reminding Test (Buschke, 1973; Buschke and Fuld, 1974) , and the Rey Auditory Verbal Learning Test (Schmidt, 1996) . The relationship between clustering method and recall performance on a shorter word-list learning test such as the 9-word PrVLT (Price et al, 2009 ) had not been investigated until now, leaving open the question of whether semantic strategies were advantageous for recall at any level of task demand, or whether their utility lay in organizing stimuli under higher task demand. Also unknown was the extent to which sex differences in clustering and recall would persist at lower task demand.
In the current study, we presumed that a 9-word list would have a lower task demand than a 16-word list. One possibility was that serial clustering would be as effective as semantic clustering for recalling a shorter list if the use of a semantic strategy was based on the need to organize information that exceeded a certain memory demand. Another possibility was that we would confirm Craik and Lockhart's (1972) postulate that because of the deeper nature of encoding, semantic clustering might optimize recall regardless of task demand.
We studied the relationships among sex, clustering strategy, and recall on verbal memory tests under the high task demand of the CVLT-II and the lower task demand of the PrVLT. The well-established CVLT-II is used to test learning and recall in people across the lifespan, with and without neurologic deficits (Lezak et al, 2004) . The newer PrVLT has been used to characterize memory deficits in people with mild cognitive impairment, Alzheimer disease, vascular dementia, and leukoaraiosis (Libon et al, 1998 (Libon et al, , 2010 Price et al, 2009 ).
The main difference between the 2 tests is the number of words to be learned: 16 for the CVLT-II versus 9 for the PrVLT. Otherwise, the 2 tests share much in common. They have similar instructions and administration. Both involve 5 learning trials, 1 interference trial, a short-delay free and cued recall, a long-delay free and cued recall, and a yes-no recognition task. The 2 tests also have some similarities in their semantic categories and word lists. The CVLT-II has 4 semantic categories: vegetables, ways of traveling, furniture, and animals; the PrVLT has 3 categories: fruits, furniture, and tools. The design of the 2 tasks' word lists is broadly comparable, with both including natural and artificial categories, and both excluding prototypical words like "apple," "bed," and "hammer." Thus, while the 2 lists differ in their specific content, the general content is similar, leaving the number of words as the most prominent difference.
The goal of this study was to examine whether the expected effects of semantic clustering and sex on a long word-list learning test would hold for a shorter word-list learning test. Analogous to the long word lists, we wanted to determine whether women's recall advantage over men could be entirely accounted for by women's greater use of semantic clustering. In line with existing studies, we hypothesized that on a 16-word list, semantic clustering would be more beneficial to recall than would serial clustering, and that women would use more semantic clustering and demonstrate higher total immediate recall than men. In contrast, on the shorter 9-word list, we adopted the null hypothesis that there would be no sex differences in clustering strategies and total immediate recall, and that we would not find an association among sex, clustering strategy, and recall.
METHODS

Participants
We performed a retrospective analysis on data from 2 previous studies performed by our group in the Cognitive Neuroscience Division of the Department of Neurology at Columbia University Medical Center. We analyzed the findings of reports on 2 separate populations of cognitively healthy older adults: 36 women and 26 men who had completed the CVLT-II (Stern et al, 2011) , and 27 women and 21 men who had completed the PrVLT (Cosentino et al, 2011) .
Both studies had been performed at around the same time. As described below, both had recruited and screened participants at Columbia using similar exclusion and inclusion criteria and comparable screening measures.
The participants in the CVLT-II study had been recruited via fliers, Internet ads, and visits to local senior centers. The participants in the PrVLT study had been recruited from the database of healthy controls available through the the Cognitive Neuroscience Division of the Department of Neurology, as well as at local senior centers and through marketing mailings targeting a diverse population of New York City elders.
For both studies, candidates had first been screened for their demographic, general medical, neurologic, and psychiatric history and for dementia through a phone questionnaire and, if available, records from participation in earlier studies. Candidates were excluded if they had been diagnosed with any major neurologic or psychiatric condition or if they had suffered a head injury that caused them to lose consciousness. Once recruited, participants had been disqualified if the examiner found them to have significant sensory or motor abnormalities that might interfere with cognitive testing, eg, vision impairment that was not corrected by eyeglasses, hearing loss that was not corrected by a hearing aid, or difficulty holding and using a writing utensil.
For both studies, once participants were recruited they underwent a full neuropsychological test battery. We will focus here on the tests that ruled out dementia and assessed intellectual function and verbal fluency. Because the 2 studies had been performed independently, they used somewhat different measures to collect these data.
As a test for dementia, the participants in the CVLT-II study completed the Mattis Dementia Rating Scale (Jurica et al, 2004) . To stay in the study, they had to have a total score of 135 or higher; anything lower was considered cognitive impairment. The participants in the PrVLT study were tested for dementia with the Mini-Mental State Examination (Folstein et al, 1975) . They stayed in the study if they scored at least 24/30; anything lower was considered significant cognitive impairment.
As a measure of intellectual function, the participants in both groups were given the Wechsler Test of Adult Reading (Wechsler, 2001) . As a measure of verbal fluency, all participants were given the Controlled Oral Word Association Test (Benton and Hamsher, 1976) ; however, the CVLT-II group was given the "CFL" form, and the PrVLT group was given the "FAS" form.
The Cosentino et al (2011) and Stern et al (2011) studies had been approved by the Columbia University Institutional Review Board, and the participants had given informed consent and been paid for taking part. No further approval was required for our study.
Procedures
Each participant completed only the CVLT-II or only the PrVLT. As mentioned, the major difference between the 2 tasks is their length (task demand): The 16word CVLT-II has 4 semantic categories, each category consisting of 4 words; the 9-word PrVLT has 3 semantic categories, each consisting of 3 words.
Although each participant had completed the entire task, we chose to focus our analysis only on the total scores for the 5 immediate recall trials. We did not study the data for the delayed recall trials. Delayed recall trials can be confounded by participants' exposure to the interference list, whose semantic categories are similar to the target list and thus can influence participants' organizational strategy. Clustering strategy can also be influenced by exposure to semantic cuing after the short-delay trial (Woo and Schmitter-Edgecombe, 2009 ).
We evaluated 2 scores: total immediate recall across trials 1 to 5, and total clustering strategy scores across trials. Clustering strategy scores comprised semantic and serial bidirectional scores. Unlike scores for serial forward (recalling words in the same consecutive forward direction in which they were presented) or serial backward (recalling words in the same consecutive backward direction in which they were presented) considered in isolation, serial bidirectional scores combine serial forward and serial backward scores to capture any serial approach to recalling the list.
We adjusted both the semantic and serial clustering scores for the number of clusters that would have been recalled at chance level for a given number of words recalled (Stricker et al, 2002) . For each of the 5 immediate recall trials in the PrVLT, we calculated the semantic and serial clustering chance-adjusted scores, based on the formula presented in the CVLT-II manual . For the CVLT-II and the PrVLT, the possible semantic chance-adjusted scores ranged from À 3 to 9 and from À 2 to 4, respectively, and the possible serial chanceadjusted scores ranged from À 1.88 to +13.13 and from À 1.78 to 6.22, respectively. Given the differences in list length, the total possible number of semantic and serial clustering scores differed across the tests.
Statistical Analysis
We used PASW Statistics Version 18.0 for all analyses. To compare the differences between women and men by demographic characteristics and neuropsychological variables, we conducted independent samples t tests separately for each sample. We conducted 3 independent samples t tests to examine sex differences in total immediate recall, semantic clustering, and serial clustering.
We also conducted 2 simultaneous linear regression analyses for each word-list test to assess the relationships among clustering strategy, sex, and total immediate recall. Our first regression analysis evaluated the relationship between semantic clustering and serial clustering (as the predictor variables) and total immediate recall (as the outcome variable). Our second regression analysis evaluated the relationship between semantic clustering, serial clustering, and sex (as the predictor variables) and total immediate recall (as the outcome variable). Formal power analysis (with a = 0.05, effect size = medium, and power = 0.80) revealed that a regression-based analysis with 2 and 3 predictor variables required sample sizes of 67 and 76 participants, respectively (Cohen, 1992) .
RESULTS
Demographic Characteristics
Our CVLT-II and PrVLT study groups were similar in age (mean ages were 66.07 and 67.85 years for the CVLT-II and PrVLT groups, respectively) and education (means were 15.97 and 15.54 years for the CVLT-II and the PrVLT groups, respectively) ( Table 1) . The 2 study groups were both predominantly Caucasian, although the PrVLT group had more Caucasian individuals overall than the CrVLT group. There were no differences in ethnicity, age, or education across men and women in either study (Table 1) . The 2 study groups were also comparable in their estimated intelligence quotient based on the Wechsler Test of Adult Reading (Wechsler, 2001) . Within each study group, women and men performed similarly on the Controlled Oral Word Association Test, as assessed with the "CFL" form (Benton et al, 1994) in the CVLT-II group and the "FAS" form (Gladsjo et al, 1999) in the PrVLT group. Finally, cognitive screening measures were comparable in women and men, as assessed with the Mattis Dementia Rating Scale (Mattis, 1976) in the CVLT-II group and with the Mini-Mental State Examination (Folstein et al, 1975) in the PrVLT group.
CVLT-II Results
For the CVLT-II group, an independent samples t test showed that total immediate recall was greater in women (mean [M] = 50.92, standard deviation [SD] = 8.81) than in men (M = 40.81, SD = 7.50) (t 60 = 4.74, P < 0.001). Semantic clustering was also greater in women (M = 1.08, SD = 1.86) than in men (M = À 0.02, SD = 0.53) (t 60 = 2.92, P < 0.01), while serial clustering was similar in women and men (t 60 = À 0.35, P = 0.73).
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Cogn Behav Neurol Volume 26, Number 2, June 2013 Table 2 shows the means and standard deviations of total immediate recall and the clustering strategies for each sex. Correlations between the 2 predictor variables semantic clustering and serial clustering (r = À 0.56) did not indicate high multicollinearity (Table 3) . We found a significant positive correlation between semantic clustering and total immediate recall (r = 0.52, P < 0.001). We also found a positive but nonsignificant correlation between serial clustering and total immediate recall (r = 0.06, P = 0.32).
The first regression analysis (model 1) revealed that when both clustering strategies were used as predictors, approximately 43% of the variance in total immediate recall could be predicted. About 45% of variance in total immediate recall was uniquely predicted from semantic clustering (while serial clustering was statistically controlled), and about 18% of variance in total immediate recall was uniquely predicted from serial clustering. As for the relation between semantic clustering and total immediate recall, because the semipartial correlations were higher than the zero-order correlations, we concluded that serial clustering might be acting as a suppressor variable (ie, a third variable, which, if included in the regression equation, would increase the relation between the first and second variables). Thus, the unique predictive contribution of semantic clustering to total immediate recall was increased when serial clustering was included in the regression analyses.
The results of the overall multiple regression using both of the clustering strategies to predict total immediate recall were significant.
The second regression analysis showed that when both semantic and serial clustering and sex were used as predictors, about 50% of the variance in total immediate recall could be predicted. About 25% of variance was uniquely predicted from semantic clustering, about 13% was uniquely predicted from serial clustering, and about 8% was uniquely predicted from sex.
The overall multiple regression using clustering strategies and sex to predict total immediate recall was significant. Specifically, the relation between sex and total immediate recall indicated that men had a lower total score than women, independent of clustering strategy.
PrVLT Results
Echoing the pattern of findings for the CVLT-II, an independent samples t test for the PrVLT showed that women (M = 39.00, SD = 3.39) performed significantly better than men (M = 36.29, SD = 4.45) on total immediate recall (t 47 = 2.43, P < 0.05) ( Table 2) . Semantic clustering was also greater in women (M = 1.27, SD = 1.30) than in men (M = 0.46, SD = 1.49) (t 47 = 2.03, P < 0.05), while serial clustering was similar in women and men (t 47 = À 0.79, P = 0.43).
Correlations between the 2 predictor variables semantic clustering and serial clustering (r = À 0.73) did not indicate extremely high multicollinearity (Table 3 ). The first regression analysis (model 1) revealed that when both clustering strategies were used as predictors, about 31% of the variance in total immediate recall could be predicted (overall), and about 20% of variance was uniquely predicted from semantic clustering. For the overall multiple regression predicting total immediate recall from clustering strategies, R = 0.58, R 2 = 0.34, and adjusted R 2 = 0.31.
The overall regression was statistically significant: F 48,2 = 11.90, P < 0.001. Results of the first analysis examining the relationship between semantic clustering and total immediate recall, and between serial clustering and total immediate recall (in the absence of the predictor sex) indicated that only semantic clustering (b = 1.88, b = 0.66, standard error [SE] = 0.50, t = 3.74, P < 0.001) significantly predicted total immediate recall. The square of the semipartial correlation (sr 2 ) that estimated how much variance in total immediate recall was uniquely accounted for by semantic clustering was 0.20. The second regression analysis showed that when both of the clustering strategies and sex were used as predictors, about 33% of the variance in total immediate recall could be predicted. About 14% of the variance was uniquely predicted from semantic clustering. For the overall multiple regression predicting total immediate recall from clustering strategies and sex, R = 0.61, R 2 = 0.37, and adjusted R 2 = 0.33.
The overall regression was statistically significant: F 45,3 = 8.78, P < 0.001. Compared with the relationship of serial clustering (b = 0.31, b = 0.07, SE = 0.75, t = 0.41, P = 0.69) and total immediate recall, and the relationship of sex (b = À 1.44, b = À 0.18, SE = 1.02, t = À 1.42, P = 0.16) and total immediate recall, only the relation between semantic clustering (b = 1.66, b = 0.58, SE = 0.52, t = 3.19, P < 0.01) and total immediate recall was significant. Specifically, the results of the relation between sex and total immediate recall also indicated that there was no significant difference in total immediate recall scores between women and men, after clustering strategies were taken into account. The square of the semipartial correlation (sr 2 ) that estimated how much variance in total immediate recall was uniquely accounted for by semantic clustering was 0.14.
DISCUSSION
Our major aim in this study was to understand whether varying task demand by word-list length (CVLT-II vs PrVLT) would differentially influence the relationship between clustering strategies and recall. A secondary aim was to learn whether the association among clustering strategy, recall, and sex varied as a function of task demand across the lists.
In our CVLT-II group, both semantic clustering and serial clustering strategies were independently associated with recall. We also found that serial clustering might be acting as a suppressor variable. Thus, semantic clustering was associated with total immediate recall to a greater extent when serial clustering was included in the model. In other words, there appears to be a trade-off between the clustering strategies such that the more one uses a semantic strategy, the less one uses a serial strategy, and the better the total immediate recall. Therefore, controlling for serial performance yields a stronger relationship between semantic clustering and the outcome.
Much as Kramer et al (1997) reported, we found that women had both a greater tendency to use semantic clustering and higher recall scores than men. The second regression analysis showed that all 3 predictor variablessemantic clustering, serial clustering, and sex-exerted independent effects on total immediate recall. That is, the use of specific clustering strategies did not fully account for women's higher recall scores.
In the PrVLT group, only semantic clustering was associated with total immediate recall. Neither sex nor serial clustering exerted an independent effect. Analyses of sex differences showed analogous trends to those in the CVLT-II group.
We therefore conclude that while semantic clustering, serial clustering, and sex contribute to total immediate recall on a longer word-learning list, only semantic clustering contributes to total immediate recall on a shorter list. Importantly, irrespective of the length of the word-learning list, in all of our regression models the unique predictive contribution of semantic clustering to total immediate recall remained the highest.
Previous evidence for the association between semantic clustering and improved total immediate recall comes primarily from clinical studies investigating verbal memory in patients with different psychiatric and neurologic impairments (Lezak et al, 2004) and studies finding sex differences in verbal memory (Kramer et al, 1997 (Kramer et al, , 2003 . Clinical studies using the CVLT-II showed, for instance, that compared with matched controls, patients with left (as opposed to right) temporal lobe epilepsy and those with schizophrenia tended to perform poorly on recall performance and used less semantic clustering (Brebion et al, 2004; Hermann et al, 1987) . Indirect evidence for semantic clustering having a beneficial effect on recall also comes from studies comparing total immediate recall performance in women and men. The women had The multiple regression is significant at *Pr0.001, **Pr0.01, or ***Pr0.05.
higher total immediate recall scores than the men on the CVLT, possibly because the women used semantic clustering.
Our study supports Kramer et al's (1997) study of the original CVLT word list showing that women use more semantic clustering than men on the CVLT and have better total immediate recall. Since the formula for the clustering indices was revised in 2002 (Delis et al, 2010; Stricker et al, 2002) , our study has been the first to confirm Kramer's findings. However, we also found that women achieve higher recall scores than men on the CVLT-II, independent of strategy. Notably, the effects of sex diminish at lower task demand (eg, the PrVLT), while the semantic clustering advantage remains.
Our finding that only semantic clustering was associated with total immediate recall on the 9-word list suggests that the relationship shared by sex, clustering strategy, and total immediate recall is nonlinear and is affected by task demand. It appears that semantic clustering plays a crucial role in verbal recall, regardless of task demand, and that serial clustering and sex become important as the word list lengthens. The consistent benefit of semantic clustering for recall despite task demand suggests that deeper encoding processes are useful for recall across a range of task demands and are not just implemented when task demand exceeds a certain working memory threshold. Rather, it appears that with increasing list length, the nature of the task might change such that semantic clustering could become challenging to use and some participants might automatically switch to serial clustering. Viewed from this perspective, it is possible that increasing list length causes information overload, reaching the limits of working memory's capacity to hold and/or categorize information semantically, and the participant might adopt another clustering strategy by default.
The unique role of sex under greater task demand may reflect differences in cerebral asymmetry and differential patterns of bilateral activity. For example, studies comparing lateralized behavior in women and men have found that men tend to show greater left hemisphere dominance on verbal tasks (Guillem and Mograss, 2005; McGlone, 1980) . Similarly, neuroimaging studies have found that women have greater bilateral activation than men during language processing tasks (Phillips et al, 2001) . It is possible that women recall more words than men because of greater bilateral activation. However, sex differences in cerebral asymmetry and neuroimaging have been debated for several decades (eg, as cited in Wallentin, 2009) , and systematic research with differing word-list lengths will be needed before such conclusions can be drawn with confidence.
With a shorter word list, both sexes might use similar neurocognitive processes and thus might perform similarly. Another possibility with a short word list is that both sexes might activate differential neurocognitive processes (as they do on a longer word list), but both processes might be equally effective in enabling memory performance given the task demand. Put another way, women's and men's performance may be similar because of the limited ability of a short word list to detect their cognitive differences, and/or the differences might manifest themselves only beyond a certain threshold.
Our study had several potential limitations. One was the use of 2 separate groups of participants, 1 completing the CVLT-II and the other completing the PrVLT. However, the 2 groups were comparable across all demographic and cognitive measures, and a within-group study would have been limited by the possibility that exposure to 1 list might have influenced participants' organizational strategy and/or given rise to practice effects on the second list.
A second potential limitation was our lack of data on younger adults; however, our participants' older age enabled us to learn about memory processes in the context of cognitively normal aging. Researchers planning future studies of the relationships among sex, task demand, clustering, and recall should consider recruiting a larger, more ethnically diverse sample of older and younger adults and would ideally include biological measures such as estrogen, luteinizing hormone, and triglycerides, all of which are known to influence recall performance (Hyde et al, 2010; Kramer et al, 2003; Sims et al, 2008) .
A final limitation of our study might have been low power. As noted earlier, our planned regression analysis with 2 and 3 predictor variables would have required sample sizes of 67 and 76 participants, respectively (Cohen, 1992) . Our models for the relationship between clustering strategies and recall for the CVLT-II were relatively well powered with 62 participants; however, our models for the role of sex might have been underpowered, especially for the shorter PrVLT word list, which only 48 participants completed. However, our effect sizes (sr 2 unique ) for the PrVLT were correspondingly lower than those for the CVLT-II (Table 3 ), suggesting to some extent that the PrVLT findings reflected the nature of the task rather than power considerations per se. Future studies using larger samples might be needed to replicate this finding.
In summary, our study adds to understanding of the relationships among sex, clustering strategy, and total immediate recall. Importantly, the study highlights findings that semantic clustering appears better than serial clustering for recall across different task demands, and that women tend to use semantic clustering to a greater extent than men, especially for longer word-learning lists. Our results also suggest that, independent of clustering strategy, sex has an important effect on verbal recall at high task demand, an effect that does not arise at lower task demand.
Future studies of older adults may evaluate similar associations between semantic clustering and total immediate recall of very short (eg, 5-word) or very long (eg, 25-word) list lengths. It would also be worthwhile to explore whether women and men have a set point in list length at which they start to use semantic clustering. The outcome of such a study might help us learn whether, at longer list lengths, women and men continue to display the same pattern of performance that we saw on the CVLT-II, or whether their differences in clustering and total immediate recall become more exaggerated or, instead, disappear. Future research can also test whether specific clinical populations have similar associations among sex, clustering strategy, and recall. Such studies might help explain the neurologic basis not only of the advantages conferred by semantic clustering, but also of sex differences in verbal memory and clustering at higher task demand.
